Introduction {#S0001}
============

All people are affected by the process of aging,[@CIT0001] which is characterized by a loss of muscle mass, balance and impaired motor control.[@CIT0002]--[@CIT0004] Related disorders negatively affect performance in static and dynamic postural control, contribute to an increased fear of falling and may therefore lead to the avoidance of daily activities with a concomitant decrease of physical function and increased risk of falling.[@CIT0005]--[@CIT0007]

Generally, fear of falling increases with age, which is more common among women and has been associated with an increased risk of falling[@CIT0008] and fall-related injuries.[@CIT0006] Approximately 28--35% of the people over 65 years fall at least once per year needing medical and hospital care following traumata.[@CIT0009]

Especially in patients with osteoporosis and osteopenia, falls and even low-energy traumata are associated with a higher risk of fractures.[@CIT0010],[@CIT0011] Consequences of serious fall-related injuries not only reduce the quality of life but are associated with high morbidity and mortality.[@CIT0012],[@CIT0013] Generally, the hip joint and the spine are the most common sites at high risk for fracture, as the absolute number of osteoporosis-related fractures is estimated to be 700,000 vertebrae and 300,000 in hips.[@CIT0014]

Osteoporosis and osteopenia have become a major health concern and are typically characterized by a compromised bone strength and reduced bone mineral density (BMD).[@CIT0012],[@CIT0015]--[@CIT0017] A study by Johnell and Kanis[@CIT0018] reported that the average lifetime risk in a 50-year-old person to suffer from an osteoporotic fracture has been estimated at 40--50% for women and 13--22% for men.

Physical activity has been promoted as a preventive measure to improve neuromuscular and musculoskeletal functions and reduce the risk of falls in patients with reduced BMD.[@CIT0019]--[@CIT0022] In order to remain independent and to be able to carry out daily activities, it is essential that older people maintain appropriate levels of strength in the lower and upper limbs as well as sufficient gait speed and good postural control.[@CIT0023],[@CIT0024] Furthermore, based on the pathology of osteoporosis and osteopenia, it is recommended that prevention strategies should be addressed at reducing the age-related BMD loss.[@CIT0025] Resistance, strength exercise and generally physical activity involving impact forces improve BMD in patients,[@CIT0026] even if these kinds of training are not always suitable for older people who suffer from osteopenia and osteoporosis.[@CIT0027]

An earlier study by Kidgell et al[@CIT0028] presented a trampoline training program for various target groups effectively improving postural balance and exercise performance. The favorable effect of regular high-impact exercises like jumping on the skeleton originates from the physical strain that causes bone modeling, remodeling and maintaining bone mineralization.[@CIT0029],[@CIT0030] Generally, exercises on a trampoline consist of a multicomponent approach addressed at strength, postural balance training, muscle coordinative responses, joint movement amplitudes and spatial orientations.[@CIT0031]

Although many studies investigated the importance of physical exercise in patients with lowered BMD,[@CIT0001],[@CIT0032]--[@CIT0035] there is still no consensus on the specifications of the optimal physical intervention program to reduce risk factors for falls in patients with osteoporosis and osteopenia.[@CIT0035],[@CIT0036] There is a large variety of combinations employed regarding the volume, intensity, type of exercise, training device and rhythm of progression of the different programs which are currently applied.[@CIT0035]

To our knowledge, there are no studies evaluating the effects of a mini-trampoline exercise program combining exercises on balance and functional mobility, strength, gait speed, fear of falling and BMD in females with osteopenia, as although fear of falling and prevalence of lowered BMD is more common among females.

Therefore, the aim of this study was to evaluate the effectiveness of a combined balance-, strength-, and jumping-exercise intervention on a mini-trampoline performed by older women with osteopenia on static balance and functional mobility, gait speed, strength of the upper and lower limbs, fear of falling, as well as to investigate its influence on the metabolism of BMD.

Methods {#S0002}
=======

Study Design {#S0002-S2001}
------------

This project was carried out in cooperation with the Fliplab Vienna (Austria), where the exercise intervention program took place between September and November 2018. Potential study participants were recruited in January 2018 by creating adverts in the local newspapers, television and with the help of personal connections. Each of the participants (n=54) contacting the research group via phone obtained information about characteristics and conditions of the whole study project. After considering all inclusion and exclusion criteria, potential participants visited the Fliplab to agree to participate in the study, the final sample consisted of 43 females.

Using a randomized controlled study design (see supplementary CONSORT checklist for details), participants were randomly assigned (using a numbered series of prefilled envelopes specifying the group) either to the intervention group (IG) or to the control group (CG). A flowchart used for the acquisition of participants is presented in [Figure 1](#F0001){ref-type="fig"}.Figure 1Flowchart presenting the acquisition of participants.

Informed written consent was obtained from all participants. This study was conducted in conformity with the ethical standards of the 2008 Declaration of Helsinki. Furthermore, the study was approved (02/2018) by the Institutional Review Board (IRB) of the Department of Sport Science as well as the Board for Ethical Issues (BfEI) of the University of Innsbruck.

Participants {#S0002-S2002}
------------

A total of 40 adults with a mean age of 68.5 ± 6.1 years (range: 56--83 years) agreed to volunteer for this study. Of the initial 43 participants, two adults in the IG and one adult in the CG dropped out of the study during the intervention period due to health problems not related to the exercise program.

Inclusion criteria were female sex, a clinically diagnosed osteopenia (i.e. T-score ≤ −1.0 standard deviation at the femoral neck and lumbar spine) determined by Dual-energy X-ray absorptiometry (DXA) at maximum 12 months prior to enrolment and age of \>55 years.

Prior to the beginning of the project, study participants were asked to visit their general practitioner and get a verbal approval for study participation after screening for medical contraindications.

Exclusion criteria included any medical contraindications (visual deficiency, severe auditive or vestibular deficiency, advanced locomotor diseases, neurological and cardiovascular diseases, severe orthopedic conditions and incapacity to perform the exercise intervention) or planned absence of more than 3 weeks during the study period. Furthermore, participants with values for the Barthel Index[@CIT0037] lower than 85 were excluded.

Eligible participants were randomized into two groups (IG and CG) by a researcher (AS) unaware of the intervention procedures.

The IG (n=20, mean age 69.6 ± 5.3 years) followed a combined 12-week exercise intervention program on a mini-trampoline, while participants of the CG (n=20, 67.4 ± 6.8 years) continued with the usual osteopenia therapy. Participants were asked not to change their daily habits during the study period. According to Otero et al,[@CIT0035] all CG participants were phoned three times to remind them no to modify their daily habits until they had completed the post intervention tests. IG and CG participants were informed that they have to carry out several tests twice, pre and post intervention, within a time interval of 12 weeks between the tests. At the end of the project, CG participants were informed about the results of the study and received information about an exercise intervention program most suitable for them. Furthermore, the same exercise training intervention program was offered to all members of the CG. All CG participants (n=20) took the opportunity of performing the exercise program after study completion.

Exercise Program {#S0002-S2003}
----------------

The intervention was designed by an interdisciplinary team of exercise scientists, physiotherapists and physicians based on the latest findings of clinical interventions in aging.[@CIT0038]--[@CIT0040] Fliplab instructors were trained and instructed prior to the study by MP to become familiar with the training intervention program.

According to a study by Lesinski et al,[@CIT0040] which evaluated the dose--response relationships of balance training modalities, that could maximize improvements in balance performance in older adults, the training intervention program was performed twice a week for 12 weeks, each session lasting 45--60 mins.

All training sessions were led by experienced instructors. The whole training on the mini-trampoline (Trimilin Austria, diameter 1.02m) was performed in small groups of five to eight participants to enable a favorable supervisory relationship. Supporting bars were mounted on the mini-trampoline to protect the participants from falling ([Figure 2](#F0002){ref-type="fig"}). In addition to the mini-trampoline, tennis balls, thera bands and balloons were used as further training tools to increase exercise difficulty.Figure 2The used mini-trampoline in the training intervention program.

Balance exercises consisted of walking in place and static exercises like, two-legged stance, shifting weight while standing, semi-tandem stance, lunge, tandem stance, heel or toe stances and one-leg stance. All balance tasks could be done with eyes open or closed, or alternately with the left or right leg in front to increase task difficulty. Moreover, IG participants were given balance exercises under single- (only balance tasks) and dual-task conditions (additional motor tasks). Motor tasks included moving arms, balancing a balloon with the index finger, throwing and catching balls. Generally, balance exercises were designed to progressively reduce the base of support, to disturb the center of gravity, to stress postural muscle groups and to diminish sensory input as recommended by the American College of Sports Medicine.[@CIT0041]

Strength exercises aimed at improving muscular strength and strength endurance from the lower and upper limbs and trunk. All exercises to enhance muscle strength were performed on the mini-trampoline and consisted of squats, abduction and adduction of the legs, flexion and extension of the elbow joint, abduction and adduction of the arms, anteversion and retroversion of the shoulder joint.

Jumping exercises were performed on the mini-trampoline to reduce the possibility of jump-related injuries and consisted of bouncing in place, bouncing with feet in a semi-tandem and tandem stance, jumping with feet together or with scissor steps (to the front, back, right or left), jumping combined with rotations around the longitudinal axis and jumping on one leg.

An experienced instructor was present at each training session to ensure the participants' safety and to make a progression of the training exercises possible. According to Ramalho et al,[@CIT0042] the training intervention program was divided in three different phases. In Phase 1 (4 weeks), focus was on adaption and learning of the execution technique of all the exercises used in the intervention. Phase 2 (4 weeks) aimed at improving muscular strength and balance whereas Phase 3 (4 weeks) dealt with maintaining improvements.

Participants were ordered to achieve a high training adherence. By offering extra dates, each participant attended 24 of 24 (100%) possible training sessions. According to Otero et al,[@CIT0035] a series of strategies (giving plenty of positive feedback; conversations with all participants in each of the sessions; sharing the importance of feeling secure) were carried out to achieve a pleasant atmosphere while training.

Outcome Measures {#S0002-S2004}
----------------

Measurements were performed one day before the start (pre-test) and one day after the completion (post-test) of the specific training intervention program. The tests were conducted by the principal investigator (MP) and took place in a separated room at the same center where the intervention program was carried out (Fliplab Vienna, Austria). The principal investigator was not involved in the intervention training program and was blinded to group allocation. Participants were instructed to use the same clothing and to perform both, pre- and post-tests barefoot. At the beginning of the testings, questionnaires were filled out. After a standardized warming-up, participants had to perform the physical tests. Baseline testing included a learning session where the participants performed all physical outcome measures once.

### Personal and Demographic Data Questionnaire {#S0002-S2004-S3001}

A questionnaire was used to assess demographic data and study participants were further asked on/about age, weight, height.

### Static Balance {#S0002-S2004-S3002}

For measuring the static balance, the one-leg stance (OLS) was used.[@CIT0043] Study participants were told to stay alternately on the right and left leg for as long as possible (maximum 30 s), with their hip and knee slightly flexed, arms hanging down and eyes opened.[@CIT0044]--[@CIT0046] The evaluated means of measured time regarding all three measurements on each leg were considered for the statistical analysis. The OLS is a valid test and described as a method of quantifying static balance ability in older adults.[@CIT0047],[@CIT0048]

### Functional Mobility {#S0002-S2004-S3003}

Functional mobility was measured using the timed up and go test (TUG) that is commonly used in frail and older people.[@CIT0049] Participants were given verbal instructions to rise from a chair, walk 3 m to a line on the floor, turn around, walk back and sit down again.[@CIT0050] Moreover, participants were allowed to make use of one practice trial to become familiar with the procedure. The required time to complete the task was recorded. According to Shumway-Cook et al,[@CIT0050] the TUG is a sensitive and specific measure of probability for falls among older adults.

### Upper Limb Muscle Strength {#S0002-S2004-S3004}

The arm curl test (ACT) was used to measure upper limb muscle strength. The tests determine the maximum number of times a dumbbell (2.3 kg for females) can be curled through a full range of motion in 30 s while being seated on a chair.[@CIT0051] The ACT is a good indicator of overall upper body strength and has a good criterion validity (r=0.81).[@CIT0051]

### Lower Limb Muscle Strength {#S0002-S2004-S3005}

Reflecting lower body strength, the 30-s chair stand test (CST) was used in this study. The task for all participants was to rise to a full stand from a seated position on a chair by not pushing off with the arms, maintaining their arms crossed at the level of the chest.[@CIT0035],[@CIT0051] Total number of stand-ups was recorded. The high correlation (r=0.77) supports the criterion validity of the CST as this test is also capable of detecting the effects of physical training in older adults.[@CIT0052]

### Gait Speed {#S0002-S2004-S3006}

As gait speed is a strong independent predictor of self-reported perceived function[@CIT0053] as well as a good indicator of functional balance, physical performance and falls in older adults,[@CIT0054]--[@CIT0056] the 6 m walking test (WT) was conducted in this study. In accordance with Konak et al,[@CIT0033] the task was to walk 10 m at a comfortable and secure pace and the time to reach a predefined distance of 6 m was measured with a stopwatch. Participants were allowed to conduct one practice trial prior to the two evaluation trials. The mean of the two trials was considered for statistical analysis among the WT, which is a reliable measure (r=0.97) in COPD patients as well.[@CIT0057]

### Falls Efficacy {#S0002-S2004-S3007}

The Falls Efficacy Scale -- International (FES-I) was developed to document fall-related self-efficacy in older people and represents a modification of the original falls efficacy scale.[@CIT0058],[@CIT0059] Furthermore, the FES-I is a measure of fear of falling representing a valid and reliable instrument and consists of 16 items on complex functional performances and social aspects of falls.[@CIT0059],[@CIT0060] A study by Dias et al[@CIT0059] proved that the FES-I shows high internal reliability (Cronbach's a=0.96) as well as high test--retest reliability (r=0.96).

### Bone Mineral Density {#S0002-S2004-S3008}

BMD measurements, carried out by one radiology department, were made at the proximal femur (at the neck, Ward´s triangle, trochanter) and lumbar spine (at L1-L4) using DXA (Hologic Discovery Ci, Hologic Inc.) pre and post intervention. The measurements were made without knowledge of the group to which the participants belonged, and analysis was carried out in accordance with the manufacturer's recommendations. For BMD values to be clinically useful, they have to be compared to established normative ranges.[@CIT0061],[@CIT0062] Values were therefore expressed as absolute values (g/cm^2^) and T-Scores. The T-score expresses the number of standard deviations that the measured BMD differs from the sex-matched young normal (age 25--30 years) value.[@CIT0061],[@CIT0063] The primary outcomes for this study were absolute changes in BMD and its standard deviation at the femoral neck and lumbar spine (L1-L4), as assessed by DXA.

Statistics {#S0002-S2005}
----------

Data of study participants are presented as means and standard deviations as well as absolute frequencies. Pursuant to tests of normal distribution (Kolmogorov Smirnov), differences at pre-test in OLS, TUG, ACT, CST, WT, FES-I and BMD between IG and CG were evaluated either by independent t-tests or Mann--Whitney-*U* tests. The primary analysis consisted of a series of mixed analysis (group x time) of variances to evaluate the interaction of the within-subjects factor (time: pre- vs post-tests) and between-subjects factor (group: IG vs CG) and thus to explore the effectiveness of the intervention program. Furthermore, intragroup comparisons were conducted using dependent t-tests or Wilcoxon tests. To evaluate the measured changes (pre and post), the percentage of all changes (Δ%) was calculated. SPSS 23.0 (IBM Corporation, Armonk, NY, USA) was used for statistical analysis. All p-values were two-tailed and values of p\<0.05 were considered to indicate statistical significance.

Results {#S0003}
=======

Preliminary Analysis {#S0003-S2001}
--------------------

Mean age, height, body mass and body mass index of study participants at baseline are listed in [Table 1](#T0001){ref-type="table"}. No significant differences were found within demographic data like age, height, body mass and body mass index between IG and CG participants (p\>0.05) pre intervention. Furthermore, no significant differences were detected among OLS, TUG, ACT, CST, WT, FES-I and BMD between the two groups at baseline (p\>0.05). No exercise-related injuries or medical incidences occurred while either performing the training intervention program nor completing the whole test battery. Table 1Baseline Characteristics of Study ParticipantsTotal Group (n=40)Intervention Group (n=20)Control Group (n=20)p-valueAge \[years\]68.5 ± 6.169.6 ± 5.367.4 ± 6.80.296Height \[cm\]160.8 ± 5.2160.0 ± 5.0161.6 ± 5.40.594Body mass \[kg\]64.0 ± 9.264.2 ± 8.163.8 ± 10.50.893Body mass index \[kg/m^2^\]24.8 ± 3.425.1 ± 3.224.4 ± 3.70.530[^1]

Primary Analysis {#S0003-S2002}
----------------

The test parameters of static balance and functional mobility tests (OLS, TUG), strength tests (ACT, CST), WT and FES-I showed significant group by time interactions indicating different changes in the parameters between IG and CG ([Table 2](#T0002){ref-type="table"}). BMD did not show a significant group by time interaction. There was a tendency with a medium effect size for significant interaction (group x time) regarding BMD measured at the lumbar spine (*η*^2^=0.087) and the femoral neck (*η*^2^=0.082). Intragroup comparisons including percentage of changes are specified for each test parameter separately. Table 2Comparison of Pre- and Post-Test Results Between IG and CGIntervention Group (N=20)Control Group (N=20)p-value (Group × Time Interaction)Effect SizePrePostΔ%PrePostΔ%OLS left \[s\]17.99 ± 7.5723.91 ± 7.04^a,b^32.9721.76 ± 6.7719.92 ± 9.57−8.46\<0.001*η*^2^=0.354OLS right \[s\]17.80 ± 7.3523.58 ± 7.17^a,b^32.5121.77 ± 8.1018.79 ± 8.98−13.70\<0.001*η*^2^=0.306TUG \[s\]5.83 ± 0.954.72 ± 0.83^a,b^−19.095.45 ± 1.025.89 ± 0.96^a^8.23\<0.001*η*^2^=0.611ACT \[n\]15.95 ± 2.9321.50 ± 3.62^a,b^34.8016.80 ± 3.3517.40 ± 3.353.57\<0.001*η*^2^=0.580CST \[n\]15.55 ± 3.4021.20 ± 3.04^a,b^36.3316.30 ± 3.0116.65 ± 3.542.15\<0.001*η*^2^=0.576WT \[m/s\]1.46 ± 0.331.82 ± 0.30^a,b^24.521.60 ± 0.471.50 ± 0.42−6.19\<0.001*η*^2^=0.397FES-I \[score\]19.60 ±2.8516.60 ± 1.60^a,b^−15.3119.45 ± 3.4718.90 ± 2.67−2.83\<0.001*η*^2^=0.159BMD \[g/cm^2^\] Lumbar spine absolute0.866 ± 0.1120.873 ± 0.122^b^0.810.826 ± 0.0760.775 ± 0.154−6.270.064*η*^2^=0.087 Femoral neck absolute0.650 ± 0.0650.663 ± 0.061^a^1.980.684 ± 0.0680.671 ± 0.050−1.860.073*η*^2^=0.082[^2][^3]

### Static Balance and Functional Mobility {#S0003-S2002-S3001}

OLS left significantly increased in the IG (+33%, p\<0.001) from 17.99 ± 7.57 to 23.91 ± 7.04 s, but remained unchanged in the CG (p=0.215). Within OLS right, IG showed a significant increase compared to baseline testing from 17.80 ± 7.35 to 23.58 ± 7.17 s (+33%, p\<0.001), but static postural control remained unchanged in CG (p=0.136). IG showed a significant reduction in TUG, compared to the pre-tests from 5.83 ± 0.95 to 4.72 ± 0.83 s (−19%, p\<0.001), whereas a significant increase from 5.45 ± 1.02 to 5.89 ± 0.96 s (+8%, p=0.014) was shown among TUG within CG after intervention completion.

### Upper and Lower Limb Muscle Strength {#S0003-S2002-S3002}

In the upper limb muscle strength test (ACT), IG showed a significant increase from 15.95 ± 2.93 to 21.50 ± 3.62 repetitions (+35%, p\<0.001). In contrast, CG exhibited no significant difference in ACT results of pre- and post-tests (+4%, p=0.117). CST significantly increased in the IG (+36%, p\<0.001) from 15.55 ± 3.40 to 21.20 ± 3.04 repetitions, but remained unchanged in the CG (+2%, p=0.551).

### Gait Speed {#S0003-S2002-S3003}

The gait speed measured by WT ([Figure 3](#F0003){ref-type="fig"}) significantly increased in the IG (+25%, p\<0.001) from 1.46 ± 0.33 to 1.82 ± 0.30 m/s, whereas no significant difference was shown among the measured gait speed within CG (−6%, p=0.203).Figure 3Gait speed measured within WT of IG and CG at pre- and post-tests; ^\*^Significant difference between pre- and post-test (p\<0.05); ^\*\*^Significant difference between groups (p\<0.05); Data are presented as mean values ± standard deviations of the WT test measurements before (pre) and after (post) the exercise intervention program.

### FES-I {#S0003-S2002-S3004}

IG significantly improved their fall-related self-efficacy (−15%, p\<0.001), measured by using the FES-I scores from 19.60 ± 2.85 to 16.60 ± 1.60 points after intervention completion, but FES-I remained unchanged in the CG (−3%, p=0.126).

### BMD {#S0003-S2002-S3005}

No significant differences from pre- to post-test for BMD measured at the lumbar spine were found when comparing both groups ([Figure 4](#F0004){ref-type="fig"}), IG (+1%, p=0.289) and CG (−6%, p=0.102).Figure 4BMD measured at lumbar spine and femoral neck of IG and CG at pre- and post-tests; ^\*^Significant difference between pre- and post-test (p\<0.05); Data are presented as mean values ± standard deviations of the BMD test measurements before (pre) and after (post) the exercise intervention program.

With regard to BMD measured at the femoral neck, IG showed a significant increase compared to baseline testing from 0.650 ± 0.065 to 0.663 ± 0.061 g/cm^2^ (+2%, p=0.023), but BMD measured at the femoral neck remained unchanged in CG (−2%, p=0.630).

Discussion {#S0004}
==========

The primary aim of this randomized controlled pilot study was to evaluate the effectiveness of a combined balance-, strength-, and jumping-exercise intervention performed on a mini-trampoline on static balance and functional mobility, gait speed, strength of the upper and lower limbs, fear of falling, as well as to investigate its influence on the metabolism of BMD.

The main finding of the current study was that all participants of the IG showed significantly different changes compared to CG in all parameters characterizing postural control and functional mobility, strength, gait speed and fear of falling. For BMD no significantly different changes were found.

To the best of our knowledge, there are no studies that investigated the effects of a combined strength-, balance-, and jumping exercise regime performed totally on a mini-trampoline on balance, strength, gait speed, fear of falling and its influence on bone mineral density in patients with osteopenia.

After the training intervention program static balance within OLS significantly improved in the IG but remained statistically unchanged in the CG. These results are similar to results reported by studies of Konak et al[@CIT0033] and Otero et al,[@CIT0035] who stated that balance ability increased about 37--40% after training completion within older people with osteoporosis. Although the used training intervention program only lasted 12 weeks compared to the study by Otero et al[@CIT0035] who used a study time period of 24 weeks, an interaction (group × time) was seen among all OLS test parameters, indicating a significant effect of the exercise regime in the current study. Standing balance on one lower limb is very important among older people as poor postural balance and loss of balance represent the predictor of falls in older people with osteopenia.[@CIT0001],[@CIT0034] The TUG, which was part of the test battery in this study, measures the functional ability of older people. High functional ability is strongly correlated with the ability of being independent in transfer tasks involved in activities of daily living.[@CIT0049] In the underlying study, IG participants needed less time to carry out the TUG, significantly improving 19% after intervention completion, while CG needed more time (8%) to complete the TUG. Again, a significant interaction (group x time) was found, reflecting the high effectiveness of the training regime after only 12 weeks. All IG participants decreased their TUG performance to a level below 13.5 s, which indicates, according to a study by Shumway-Cook et al,[@CIT0050] a special cut-off point for fall risk in older people. In comparison, older people who take more than 13.5 s are more dependent for most activities of daily living, mobility skills and are more prone to falls.[@CIT0050]

Besides balance ability and functional mobility, high upper body function including arm strength is important in executing activities of daily living like household chores, carrying groceries and lifting items among older people.[@CIT0051] In the present study, IG participants performed significantly more repetitions within the ACT at post-test, whereas the results of CG remained unchanged, proofing the significant interaction (group × time). Upper body impairments are associated with dysfunction, the inability to perform personal care activities.[@CIT0064] Otero et al[@CIT0035] showed significant improvements in upper limb strength of 80% after completion of a 24-week low-intensity intervention program, consisting of similar exercise compared to the current study. The improvement was higher than in this study (35%), but this could be explained by the fact that the baseline level of upper limb strength was higher among IG participants of the underlying study compared to IG participants in the study of Otero et al[@CIT0035] (15.95 ± 2.93 vs 10.91 ± 1.90 repetitions). It is potentially more difficult to gain muscular adaptions regarding strength due to training among people who are in better physical conditions at baseline.[@CIT0046] Anyway, a significant interaction (group × time) was seen for ACT, indicating the effect of the training regime. Lower limb muscular strength has been well established as a major factor in maintaining functional mobility and preventing or delaying the onset of disability.[@CIT0064],[@CIT0065] IG participants of the current study significantly performed more repetitions among the CST after intervention compared to CG. The improvement within the CST reported by Otero et al[@CIT0033] after intervention was higher than in this study (47% vs 36%). Again, baseline level of lower limb strength was higher among IG participants of the underlying study compared to IG participants of the study by Otero et al[@CIT0035] (15.55 ± 3.40 vs 13.09 ± 1.75 repetitions). Moreover, according to Otero et al,[@CIT0035] it seems that for low-intensity training, the duration of the program should be longer to gain improvements in lower limb strength. Nevertheless, a significant interaction (group × time) was already found among this training intervention program that lasted only 12 weeks.

As mentioned in several studies,[@CIT0054]--[@CIT0056] gait speed is another good indicator of functional balance, physical performance and falls in older people. The ability to increase gait speed is important during activities of daily living, as when crossing the street or avoiding obstacles.[@CIT0033],[@CIT0046] As an example, previous research has proofed that 1.22 m/s is a minimum gait speed needed to cross a street at a timed crosswalk.[@CIT0066] After the training intervention program, gait speed measured within WT significantly increased from 1.46 to 1.82  m/s in the IG, whereas gait speed decreased from 1.60 to 1.50 m/s among the CG. Another study has shown that an improvement of 0.10 m/s in walking speed is considered as a substantial change[@CIT0056] and improves physical function and quality of life.[@CIT0053] Therefore, the training intervention program was highly effective in improving gait speed far more than 0.10 m/s within all participants of the IG. Furthermore, a significant interaction (group × time) was found for gait speed measured by the WT. Compared to results of studies by Halvarsson et al[@CIT0046] and Konak et al[@CIT0033] who reported significant improvements in gait speed of 0.08 m/s among older people, there was a higher improvement in the underlying study (0.36 m/s).

Particularly in patients with osteopenia, falls and low-energy traumata often lead to fractures.[@CIT0010] For this reason, it is important to reduce the level of fear of falling.[@CIT0046] Fear of falling significantly decreased among the IG, but remained unchanged within CG. According to a reliability and validity assessment by Halvarsson et al,[@CIT0060] the FES-I score has to change more than 2.9 points to ensure a clinically relevant change between groups, as demonstrated by the present findings within IG participants, who changed their scores by 3.0 points.

As approximately 0.25--1% of BMD is lost per year in premenopausal women,[@CIT0067] especially patients with lowered BMD (Osteopenia, Osteoporosis) are predisposed to a high risk of fracture.[@CIT0015] According to a study by Kohrt et al,[@CIT0025] the primary goal of intervention strategies should be to maintain or reduce age-related loss of BDM. We did not find significant group by time interactions in BMD (lumbar spine or femoral neck) in the present study. However, given the relatively short duration of the intervention (12 weeks) and the tendencies found, it seems hard to draw a conclusion on the efficacy of the training intervention on BMD. Future research might therefore address potential effects on BMD using adequately powered studies with a longer intervention time.

Compared to the overview study of Zhao et al,[@CIT0039] who reported that jumping exercises proved to be effective in improving BMD at femoral neck, bringing approximately 0.017 g/cm^2^ increases, only slightly lower increases of 0.013 g/cm^2^ were observed in the current study. This could be explained by the fact, that analyzed studies in the review of Zhao et al[@CIT0039] only conducted high-impact jumping exercises on the floor whereas in this study high-impact exercises were performed on a low-impact training device (mini-trampoline), to reduce injury risk. Furthermore, all included studies were conducted with healthy premenopausal women between the ages of 21 and 41 years, compared to the current study, where the mean age of participants of the IG was 70 years. As age increases, the need for ensuring that physical activities can be performed safely arises. Therefore, the applied intensity of jumping exercises was undoubtedly lower in the present study. Not to forget, in their review, Zhao et al[@CIT0039] only included and analyzed studies with a study period ranging from 6 to 12 months.

According to Cummings et al,[@CIT0066],[@CIT0068] BMD of the femoral neck is a better predictor than measurements at the spine, radius and calcaneus. Furthermore, each standard deviation decrease in femoral neck bone density increased the risk of hip fracture 2.6 times.[@CIT0068] Therefore, the increment of BMD among femoral neck within IG (+2%) was clinically relevant, as the improvement in BMD effectively prevented bone loss and could further decrease the risk of a hip fracture.

Notably, not participating in the intervention program lead to a surprisingly high decrease in BMD at the lumbar spine (−6%) and femoral neck (−2%) among participants of the CG, potentially confirming the importance of exercise interventions. Physical activity is the only intervention that can potentially both, increase BMD and reduce the risk of falling in older people.[@CIT0025] To the best of our knowledge, this is the first study that showed significant improvements within postural control and functional mobility, strength, gait speed and fear of falling after a 12-week intervention program among older females with osteopenia.

The training intervention program, a multi- and interdisciplinary approach, aimed at using exercises that are easy to replicate in any health- and sports center or even at home. Another special concern was to use measurements that were not only used to their high reliability and validity but rather based on their simplicity. All tests can be performed easily and quickly anywhere by using inexpensive and alternate materials. The underlying training intervention program can be considered as an effective tool to improve balance, strength, gait performance, and fear of falling in a very short time period. Although some results of the underlying study are encouraging, it should be mentioned that both physical activity in general[@CIT0069]--[@CIT0071] and mini-trampoline training specifically bear some risks for older women. These risks were believed to be minimized in the present study due to specialized instructors, but should be considered when assessing the present intervention.

An important limitation is the lack of an a priori power analysis in the present study. Although trying to contact potential participants using different communication channels, a total sample size of 40 females was attained. However, the sample size was not based on power considerations, but on the aim to get as many participants as possible. Future studies should consider an a priori power analysis whenever possible. As it is known, that recruiting through advertisements in local newspapers may only engage the most interested, physically active and those who are already aware of the importance of specifically tailored interventions,[@CIT0072] different ways (TV contributions, personal talks to senior citizen organizations) to recruit participants were applied. Thus, achieving a high training adherence of 100% was participants of the IG represents a strength of the study. Similar to a study by Halvarsson et al,[@CIT0046] only short-term effects of the combined exercise intervention were statistically analyzed. Furthermore, only participants who fulfilled the study period, were included within a per protocol analysis. It is therefore impossible to evaluate any long-term effects of the intervention. Thus, a long-term follow-up study has already been planned to conduct. It would have been interesting to measure the amount of physical activity of participants pre and post intervention to look whether IG participants have become more physically active resulting in the described improvements. The extent of physical activity will be taken into consideration in our long-term follow-up study. Moreover, the influence of prescribed and applied medication and comorbidities was not taken into account among the statistical analysis. However, study participants were ordered not to change their ingestion of medicine to exclude potential disturbing influences.

By using a unique combination of test measurements, the effectiveness of the training intervention program on several domains like balance and functional mobility, strength, gait performance, fear of falling and BMD could be investigated for the first time. To prevent a detection bias, the principal investigator (MP), who conducted the test measurements, was blinded to group allocation and was not involved in the intervention. Furthermore, the randomization procedure was conducted by an independent researcher (AS) unaware of the intervention procedures.

Conclusion {#S0005}
==========

The present study demonstrates favorable effects of a combined balance-, strength-, and jumping-training intervention performed on a mini-trampoline by older women suffering from osteopenia. This intervention was highly effective in improving balance and functional mobility, strength, gait performance and fear of falling in those patients compared to the control group. Therefore, the use of mini-trampoline exercises may be considered as a valuable and safe intervention also for older people.
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[^1]: **Note:** Data are presented as mean values ± standard deviations.

[^2]: **Notes:** ^a^Significant differences between pre- and post-test (p\<0.05); ^b^Significant differences between groups (p\<0.05); *η*^2^=partial eta squared; Data are presented as mean values ± standard deviations of the test measurements before (pre) and after (post) the exercise intervention program; and the percentage of the change between pre- and post-test.

[^3]: **Abbreviations:** OLS, one-leg stance; TUG, timed up and go test; ACT, arm curl test; CST, 30-s chair stand test; WT, 6 m walking test; FES-I, Falls Efficacy Scale-International; BMD, bone mineral density.
